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Land use change is a major driver of ecosystem service change. Urbanization and agricultural activities
play substantial roles in altering the state of ecosystem services. This study examined impact of land use
change on ecosystem services in a typical agricultural watershed in northwest Arkansas. Biodiversity and
ecosystem services e carbon storage, water yield, nutrient cycling e were mapped and quantiﬁed for
a typical small dairy farm and its watershed for predevelopment (1800) and current (2006) land-use
scenarios. Field-level impacts showed that dairy operations resulted in reduced land use change on
ecosystem service loss, compared with the overall watershed. The results also indicated substantial
change in carbon storage, water yield, and biodiversity; while nutrient cycling showed a low net change.
The methodology illustrates the utility of evaluating impact of land management scenarios (historic,
current, potential) on ecosystem services at the ﬁeld and watershed scale, and the need for standard
metrics across landscapes.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
The impact of human activities on biodiversity is generally
accepted as the greatest threat to global ecosystem integrity and to
ecosystem service sustainability (Rockstrom et al., 2009). There is
increasing interest among consumers, food manufacturers, re-
tailers, and other consumer package goods system stakeholders in
the sustainability, security, and safety of product supply chains. A
number of these stakeholders are taking comprehensive views of
the direct and indirect impacts of their products on both humans
and ecosystems.
Ecosystem services are the goods and processes humans derive
from ecosystems (Irwin et al., 2007) and they are crucial for all
human activities. The clear challenge for the 21st century is to
reduce overall impact from use and deterioration of ecosystem
services. Efﬁciency, or increased utility per capita, is desirable, but is
not in itself an appropriate goal for sustainable ecosystem services
management. Ecosystem services are a ﬁnite resource, while de-
mands are increasing due to increased population and economic
activity. The Millennium Ecosystem Assessment Report (MEAAll rights reserved.Report) analyzed the status of global ecosystem services and found
that 63% by category were in peril or decline (MEA, 2005). With
a population approaching 10 billion by 2050, coupled with higher
per capita prosperity, pressure on ecosystem services will increase
dramatically.
Users or recipients of ecosystem services include human en-
deavors (e.g., industry, society) and non-human life (e.g., environ-
ment). Industry includes agriculture, manufacturing, mining,
electricity, and water supply. Agriculture is the largest user of water
(85%) and the largest occupier of land (40%) globally (Foley et al.,
2005). Also, dairy production is known to have negative impacts
on most ecosystem services (Proctor et al., 2002; Sandhu,
Crossman, & Smith, 2012). For example, dairy farms can exacer-
bate water quality issues by increasing nitrogen (N) and phospho-
rus (P) loads in waterways through commercial and naturally
occurring fertilizer runoff from agricultural ﬁelds. A framework that
reconciles the taxonomy and scale of ecosystem services (Table 1) is
critical for effective management of services on agricultural lands.
Also, this could serve as a mechanism to reduce the loss rate of
some services while restoring others.
Managing ecosystem services requires indicators for the status
of services of concern (metrics). Ecological indicator criteria for
measuring ecosystem services on agricultural landscapes must be
Table 1
Variables affecting ecosystem services on agricultural lands across multiple scales (modiﬁed from Zhang et al., 2007).
Ecosystem service Geographic scale
Site Watershed Ecoregion Biome
Nutrient cycling Soil type
Vegetative cover
Slope
Management
Hydrology
Weathering
Vegetative cover
Geology
Topography
Climate
Water yield Vegetative cover
Slope
Soil type
Hydrology
Weathering
Vegetative cover
Topography Climate
Climate regulation Vegetative cover Vegetative inﬂuence on microclimate Topography Climate
Water treatment Vegetative cover
Soil inﬁltration
Vegetation on edge of ﬁeld
Slope
Soil type
Land use distribution across the watershed Geology
Topography
Climate
Pollination Invertebrates
Bees
Moths
Others
Bats
Refugia for invertebrates
Food supply
Predators
Geology
Topography
Climate
Pest control Predators
Parasitoids
Wasps
Spiders
Birds
Bats
Refugia for predators
Food supply
Geology
Topography
Climate
Pest damage Insects
Snails
Birds
Mammals
Invasive species Invasive species
Topography
Climate
Provisioning
Food
Feed
Fiber
Fuel
Land cover
Soil fertility
Water availability
Pest pressure
Cumulative activities within the watershed Invasive species
Topography
Climate
Soil fertility and formation Microbes
Invertebrates
Cover crops
Legumes
Hydrology
Weathering
Vegetative cover
Geology
Topography
Climate
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are most desirable from this perspective. Examples include vege-
tative cover, connectivity, and land use change. The metric must be
sensitive to changes in the system. Agricultural systems are con-
tinuously in disturbed states. The soil is tilled; crops are cultivated
for pest control; and crops are rotated within and between seasons.
Ecosystem service metrics must be sensitive enough to these
changes in agricultural ecosystems and they should be able to
detect shifts in community structure and function while being
robust enough to ﬁlter the effects of continuous disturbance. This is
one reason why measuring and assessing ecosystem service status
in agricultural landscapes is so difﬁcult.
Furthermore, the metrics must be designed to respond to
changes in the system in a predictable manner (Dale & Polasky,
2007). Ecosystems are complex, non-linear systems; however,
they often behave in linear progressions over a range of perturba-
tions. Ametric must measure processes that show transition, rather
than state change. State change metrics are valuable for assess-
ment, but are not very useful for predicting status because by the
time they have changed, it is too late to manage the system for the
pre-change condition. Also, the metric must be able to predict
changes that are associated with management practices. The eco-
system metric must signify an impending change in key charac-
teristics, as described previously, but with clear process
connections to the management practices that can be controlled.
Ecosystems are continuums, so segregation of the service they
provide to humanity is largely just a function of deﬁnition andcontext. Ecosystem services include the ﬂow of energy, materials,
and information from natural capital (Costanza et al., 1997). Man-
aging ecosystem services requires an understanding of the con-
nectedness and interaction among ecosystem structures, functions,
and landforms. Ecosystem services depend on location (Nelson
et al., 2009) and the collection of the nested interactions of all
species within communities, watersheds, ecoregions and biomes.
The relationship between land use and ecosystem services is
conceptually apparent (Table 1): as land use changes, the processes
on the land change. The cumulative impact of the land use changes
on watershed processes is becoming more apparent as the pro-
portion of human-dominated land uses in watersheds increases.
Ecoregions, both aquatic and terrestrial, provide mapping units for
discrete ecosystem functions from similar taxonomic groups.
Ecoregions are based predominantly on macrofauna (plants,
mammals, reptiles, birds, ﬁsh, macro-invertebrates), but provide
a context to explore biodiversity and other ecosystem services
within and between locations.
Ecosystem services are not uniformly distributed across the
landscape and demands on them are changing, resulting in
increased scarcity or loss of these critical services. The users of
ecosystem services have different needs over time and space,
resulting in competition for services that may become stressed or
scarce. The watershed is the minimum unit of ecosystem man-
agement and assessment (Matlock &Morgan, 2011). The watershed
represents comparative units for assessment as hydrologic pro-
cesses within the watershed are directly connected, providing an
Fig. 1. Land use (2006) of Little Osage Creek showing subwatersheds in Benton County, northwest Arkansas, USA.
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Although some studies have quantiﬁed and mapped ecosystem
services at the watershed scale (Chan, Shaw, Cameron, Underwood,
& Daily, 2006; Egoh, Reyers, Rouget, Bode, & Richardson, 2009;
Nelson et al., 2009), these studies are still scarce and even fewerTable 2
Land use/land cover classes for 1800e2006 in the Little Osage Creek Watershed.
Land use/land cover Area (ha)
1800 2006
Urban low intensity e 789.8
Urban high intensity e 830.4
Barren land e 73.4
Water 64.1 32.0
Pre-development prairie 8994.9 e
Herbaceous/wood transitional e 454.9
Forest 3053.9 1719.6
Bare soil e 1.7
Warm season grass e 3055.0
Cool season grass e 5156.1studies have documented ecosystem service change from dairy
production facilities at the subwatershed or ﬁeld scale. Quantifying
ecosystem service change at the ﬁeld scale is critical for identifying
local sources of impacts.Table 3
Land use/land cover classes for 1800 and 2006 in the pilot farm in Little Osage Creek
Watershed.
Land use/land cover Area (ha)
1800 2006
Urban low intensity e 3.3
Urban high intensity e 1.9
Barren land e e
Water 0.9 0.3
Pre-development prairie 157.7 e
Herbaceous/wood transitional e 5.7
Forest 30.2 12.4
Bare soil e 0.1
Warm season grass e 38.4
Cool season grass e 126.6
Table 4
States of ecosystem services across scales (from Matlock & Morgan, 2011).
Symbol State Deﬁnition
ESH Historic Suite of ecosystem services based upon
pre-industrial human-dominated land use (what was)
ESC Current Suite of ecosystem services present at each scale (what is)
ESP Potential Highest value of ecosystem services that could
exist given current conditions and potential land
use changes (what could be)
ESD Design Proposed ecosystem services to be designed (what will be)
M. Leh et al. / International Dairy Journal 31 (2013) S91eS100S94The goal of this project was to assess the impact of dairy pro-
duction from a pilot dairy farm on ecosystem services at the ﬁeld
and watershed scales. This assessment included measurements of
ecosystem service characteristics that drive ecosystem functions
for an archetype farm within the Ozark Highlands Ecoregion to
better understand linkages and predict impacts and consequences
of land use change and farm practices. Dairy production facilities
are quite complex, with a number of different agricultural practices
ranging from low intensity range management to high intensity
animal production. Quantifying ecosystem service change from this
agricultural land use allows us to explicitly measure local impactsFig. 2. Maps of water yield change in Littlewhile illustrating how ecosystem service change can be docu-
mented for other agriculture land use systems.
2. Methods
Ecosystem services were assessed at the ﬁeld and watershed
scales for a pilot farm in the Ozark Highlands Ecoregion. Comparing
ecosystem services over time and space is complicated by the
discrete characteristics of the services. Biodiversity and three eco-
system services were analyzed in this pilot study: water yield,
nutrient cycling, and carbon storage. Each of these ecosystem ser-
vices is inﬂuenced by different variables at different scales (Table 1).
2.1. Site characteristics
The pilot dairy farm for this study is located in the Little Osage
Creek Watershed in Benton County, Arkansas (Fig. 1). The Little
Osage Creek Watershed covers over 12,110 ha in the Illinois River
basin. Water ﬂows to the Illinois River and from there to the
Arkansas River, which converges with the Mississippi River in
southeastern Arkansas. The Little Osage Creek Watershed is in the
Ozark Highlands Ecoregion, characterized by dissected limestoneOsage Creek Watershed 1800e2006.
Table 5
Change in ecosystem services at the watershed level for the pilot dairy farm in the
Little Osage Creek Watershed (positive and negative values indicate a gain or loss in
the given metric, respectively, and not explicitly a gain or loss in service).
Subwatershed Water yield
(m3 ha1)
Nutrient
cycling (kg)
Biodiversity (e) Carbon storage
(Mg C)
1 1714 514 5534 69,518
2 1459 112 3192 20,472
3 1361 119 2596 30,712
4 668 496 3746 80,077
5 823 274 4910 106,480
6 558 249 2858 39,941
7 443 813 6954 220,528
8 544 40 1701 27,214
9 349 122 1341 48,896
10 453 373 4383 87,207
M. Leh et al. / International Dairy Journal 31 (2013) S91eS100 S95plateau, with oak-hickory forests and pasture as the dominant land
covers.
The pre-developed land use for the regionwas based on historic
accounts of vegetation for the Ozark Plateau (Foti, 2004). The Ozark
Plateau was described by the General Land Ofﬁce (GLO) in 1818
survey reports as predominantly prairie with oak-hickory forests
restricted to highlands and riparian areas (Foti, 2004). We recon-
structed the distribution of vegetative cover of the Little Osage
Creek Watershed based on this description to have 74% prairie and
26% forest land uses (Table 2). The forest and prairie spatial dis-
tribution is based on stream channels, soil types, topography, ge-
ology, and current forest distribution, and is consistent with other
estimates of land cover for the era.
The pilot farm for this project is typical for small herd (<300head)
dairies in the southern and eastern USA. The producer grows forage
and grain crops and manages grazing pastures to support the herd
with direct management control over approximately 75 ha and
another 80 hawith nearby local farms. Themilking andmanagement
facility covers approximately 5 ha, while forested areas cover 12 ha
(Table 3). The pilot farm had 45 discrete land areas (pastures, ﬁelds,
and facilities) that were analyzed for management effectiveness.Fig. 3. Maps of carbon storage change in Lit2.2. Ecosystem service state values
The impact of dairy production activities on the land were
informed by each ecosystem service’s state values (Matlock &
Morgan, 2011). The ecosystem service state value is the cumula-
tive status of all measured ecosystem services for a site. For a given
scale (farm, local, or regional), ecosystem services can be invento-
ried by landform (e.g., temperate deciduous forest, shortgrass
meadow, stream riparian zone). Each individual ecosystem service
(ESi) can be compared with the historic ecosystem service level for
that service.
The state value is a time-dependent variable; it is a measure of
the ecosystem service status at a place in a particular time. This
allows for comparison of changes of ecosystem service state values
over time, with consideration of past and future scenarios. Another
element of comparison is the potential ecosystem services (PES)
that could be provided at a site. The PES would therefore represent
the highest potential value ecosystem service of a site. The eco-
system service metrics and state values (Table 3) were evaluated for
the watershed and pilot dairy farm for a past undeveloped condi-
tion (reference year 1800) and current (2006) conditions.
Comparison between states of ecosystem services was per-
formed by calculating the change (loss or gain) of each ecosystem
service at time X (ESXi), divided by the reference (historic) level of
that ecosystem service (ESHi). The sum of individual ecosystem
service states (net change) at a site divided by the number of ser-
vices represents the Ecosystem Service Status Index (ESSI):
ESSI ¼
X
ðESXi=ESHiÞ=n (1)
where n is the total number of ecosystem services considered (i).
The resulting index is the average proportion of ecosystem services
from the baseline period, ranging from negative 1 to positive in-
ﬁnity, with an ESSI of 0 indicating no change, and a negative ESSI
indicates loss of services over the reference period. Each ecosystem
service state and scale of informs themanagement goals differently,tle Osage Creek Watershed 1800e2006.
M. Leh et al. / International Dairy Journal 31 (2013) S91eS100S96and the index provides an assessment of the tradeoffs that are ul-
timately made in transforming land use for human purposes. The
reference states can be historic (recommended for sustainability
and disturbance assessments) potential (recommended for resto-
ration assessments), and design (recommended for impact as-
sessments) (Table 4).
2.3. Measuring ecosystem services
Ecosystem services for the Little Osage Creek Watershed and the
pilot dairy farm were measured using the Integrated Valuation of
Ecosystem Services and Tradeoffs (InVEST) tool, a geospatial model-
ing framework for evaluating the impact of land use change on eco-
system services (Nelson et al., 2009; Polasky, Nelson, Pennington, &
Johnson, 2011). The geospatial resolution for this model was
900 m2 for each grid cell. Biodiversity and three ecosystem services
were measured: water yield, carbon storage, and nutrient retention.
2.3.1. Water yield
Water yield is deﬁned as the amount of water that runs off the
landscape (including groundwater recharge, surface, and subsur-
face ﬂows), less storage and evapotranspiration losses (Tallis et al.,Table 6
Change in ecosystem services at the ﬁeld level for the pilot dairy farm in the Little Osag
metric, respectively, and not explicitly a gain or loss in service).
Field Land use/land cover Water yield (m3 ha1)
1 Pond 2301
2 Urban e residence/barn 553
3 Pasture e cool season grass 1147
4 Forest 319
5 Corn for silage 1349
6 Pasture e cool season grass 364
7 Hay e warm season grass 737
8 Pasture e cool season grass 824
9 Forest 1073
10 Pasture e cool season grass 479
11 Pasture e cool season grass 1094
12 Hay e warm season grass 482
13 Urban e residence/barn 675
14 Urban e residence/barn 717
15 Pasture e cool season grass 729
16 Pasture e cool season grass 834
17 Sorghum for grain 1008
18 Pasture e mix cool/warm season grass 212
19 Pasture e mix cool/warm season grass 837
20 Pasture e mix cool/warm season grass 1019
21 Pasture e mix cool/warm season grass 1267
22 Hay e warm season grass 326
23 Pasture e cool season grass 194
24 Urban e residence/barn 2100
25 Pasture e mix cool/warm season grass 1310
26 Corn for silage 738
27 Corn for silage 561
28 Corn for silage 870
29 Pasture e mix cool/warm season grass 1282
30 Urban e residence/barn 1603
31 Pasture e mix cool/warm season grass 1016
32 Wheat for grain and grazing 861
33 Wheat for grain and grazing 719
34 Urban e residence/barn 258
35 Hay e warm season grass 200
36 Hay e warm season grass 805
37 Pasture e mix cool/warm season grass 2
38 Silage production 1425
39 Pasture e warm season grass 455
40 Urban e milking and management 1533
41 Pasture e cool season grass 1280
42 Urban e residence/barn 340
43 Hay e warm season grass 1244
44 Pasture e cool season grass 306
45 Forest 1662011). We used long-term average annual precipitation (1950e
2008), annual reference evapotranspiration (1950e2008), soil
depth, plant available water content, plant root depth, and land use
characteristics with InVEST to calculate the average annual water
yield in each grid cell. Soil characteristic data for the region were
estimated from the from the Natural Resource Conservation Service
(NCRS) Soil Survey Geographic (SSURGO) soil database. Reference
annual evapotranspiration (ETo) was manually derived by com-
puting ETo for seven nearby weather stations using the modiﬁed
Hargreaves method (Droogers & Allen, 2002), and interpolating
(inverse distance weighting method) over the study area. Land use
for 1993 and 2006 was downloaded from GeoStor (2012), Arkan-
sas’s Geodata clearinghouse. Land use for 1800 was estimated by
reclassifying the 1993 land use data with a 74e26% ratio of native
prairie and forest, respectively, which is common for pre-
development land use within the region (Foti, 2004). The water-
yield volume per ha was computed for each subwatershed.
Increased water yield can be a net-positive or net-negative impact.
2.3.2. Carbon storage
Carbon storage is calculated in InVEST as the sum of the carbon
stored in four pools (aboveground biomass, belowground biomass,e Creek Watershed (positive and negative values indicate a gain or loss in the given
Nutrient cycling (kg) Biodiversity (e) Carbon storage (Mg C)
1.11 1.42 59
0.19 1.69 76
0.04 0.20 9
1.74 14.44 9
2.67 16.80 346
0.56 2.93 185
0.53 3.34 119
0.86 11.14 376
0.12 3.45 29
2.43 19.41 507
0.98 7.82 236
0.35 1.71 56
0.04 8.88 161
0.84 4.33 106
1.73 17.76 608
1.49 12.44 513
1.00 9.64 454
3.00 14.29 640
1.89 11.95 520
0.96 9.48 425
1.62 9.15 102
3.57 10.54 506
2.29 13.38 498
0.53 8.82 95
0.85 13.57 126
1.61 8.05 468
1.19 27.97 1258
1.06 10.10 531
1.96 12.88 32
0.46 6.02 35
4.20 32.89 894
2.67 26.95 947
2.29 9.73 458
0.56 1.82 84
3.29 7.79 504
1.48 2.77 118
2.69 12.38 511
0.45 1.62 17
2.88 9.19 171
1.45 21.30 145
6.89 55.04 555
0.24 2.61 12
2.28 25.37 345
0.15 15.23 113
1.15 17.06 79
Fig. 4. Maps of nutrient cycling change in Little Osage Creek Watershed 1800e2006.
M. Leh et al. / International Dairy Journal 31 (2013) S91eS100 S97soil, and dead organic matter) within each grid cell. Literature
values of the carbon stocks in the four carbon pools for each land
use class were used to estimate the amount of carbon stored in the
landscape over time. Aboveground biomass comprises plant ma-
terial that is above the soil (e.g., bark, trunks, branches, and leaves)
whereas belowground biomass consisted of living root systems
within the soil. Soil organic matter is the organic component of soil
and the dead organic matter consists of all nonliving matter (Tallis
et al., 2011). The total carbon stored in each subwatershed was
calculated using the biophysical model of photosynthesis for each
land use in InVEST (Tallis et al., 2011).Fig. 5. Maps of biodiversity change in Little2.3.3. Nutrient cycling
Nutrient cycling was calculated using InVEST as the net trans-
port of nutrients from a ﬁeld or watershed on an annual basis.
InVEST predicts the export and retention of N and P from each grid
cell individually, and sums each process for the area (ﬁeld or
watershed). Nutrient cycling for each grid cell was mapped using
water yield, land use, nutrient loading, and ﬁltration rates (nutrient
interception) to estimate the amount of nutrient retained and
exported from each subwatershed/ﬁeld. Annual nutrient loads
within the watershed were obtained from the Arkansas Water
Resources Center Miscellaneous (MSC) publications (Parker,Osage Creek Watershed 1800e2006.
Fig. 6. Subwatershed level ecosystem service status index in Little Osage Creek Watershed.
M. Leh et al. / International Dairy Journal 31 (2013) S91eS100S98Williams, & Scott, 1996). The ratio of change of N and P exported
from each grid cell was calculated individually and aggregated by
ﬁeld or watershed to provide a cumulative estimate of nutrient
cycling. The nutrient cycling ecosystem service was mapped as kg
of nutrient retained within each analytical area so that an
increasing value is a positive trend.
2.3.4. Biodiversity
Biodiversity itself is not an ecosystem service but it supports
most ecosystem services and processes (Polasky et al., 2011). The
InVEST biodiversity module is deﬁned by two key assessments:Fig. 7. Field level ecosystem service status index ohabitat degradation and habitat quality. The habitat degradation
maps the relative extent and degradation of the different habitats
types over time while the habitat quality maps the relative extent
and pattern of population. Habitats with high quality are consid-
ered to be relatively intact and those with low quality are consid-
ered to be degraded (Tallis et al., 2011). We mapped biodiversity by
considering the general terrestrial biodiversity of the area. Each
land use type was ranked as either suitable or unsuitable for hab-
itat. Two sources of threats were assessed: threats from urban
conversion and threats from agricultural activities. A habitat quality
score was then generated for each ﬁeld and subwatershed.f pilot farm in Little Osage Creek Watershed.
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3.1. Watershed level assessment
The Little Osage Creek Watershed mean ESSI was 0.17 for water
yield, 0.68 for carbon storage, 0.03 for nutrient cycling, and 0.47
for biodiversity, with ranges of 0.07e0.33 for water yield, 0.29e1.10
for carbon storage, 0.13e0.11 for nutrient cycling and 0.32
to 0.71 for biodiversity. Overall, the ecosystem status for the
watershed was 0.10. Although each subwatershed experienced
a general increase in ecosystem services, subwatershed 2 experi-
enced the least increase in services primarily due to the high rate of
urbanization (Figs. 1 and 2). The most dramatic impacts of land
transformation on ecosystem services from historic to current
conditions were on biodiversity and carbon storage (Table 5). Bio-
diversity was reduced by 50% in the watershed, while carbon
storage increased by 70%.
3.2. Farm level assessment
The pilot farm ESSI was 0.19 for water yield, 1.83 for carbon
storage, 0.13 for nutrient cycling, and 0.45 for biodiversity. The
overall ESSI for the pilot farm was 0.43, with losses of ecosystem
services occurring in Fields 4, 24, 30, 42 and 45 (Fig. 3). The most
dramatic impact of land transformation on ecosystem services from
historic to current conditions for the 45 ﬁelds of the pilot farmwere
on biodiversity and carbon storage (Table 6). The ESSI for the pilot
farm in Little Osage Creek was higher than for the overall
watershed.
Land use change in the Osage Creek Watershed over the past
200 years has resulted in a net loss in both forest and prairie land
use. The ecosystem service changes associated with these
changes in land use have been dramatic. Water yield increased by
as much as 30% in the urbanized areas of the watershed (Figs. 2
and 4). In many watersheds, increasing water yield is a positive
impact, but in the Little Osage Creek increasing water yieldsFig. 8. Changes in ecosystem service status at the subwateresults in modiﬁcation of the hydrologic regime in streams.
Increased water yield is often associated with increased peak
ﬂows and velocities which can lead to changing ﬂow paths and
reduced base ﬂow. These changes in hydrologic regime may result
in increased in-channel erosion and decreased base ﬂow, both of
which impair aquatic habitats. Subwatersheds with the greatest
amount of impervious surfaces had the highest water yields.
Carbon storage increased by over 50% in the watershed (Fig. 5),
while biodiversity has decreased by 50% (Fig. 6). Change in carbon
storage is very sensitive to the initial land use assumption of 74%
prairie and 26% forest as forest has a much higher carbon storage
value. If a different distribution of forest to prairie land use were
to be used, then the 50% increase in carbon storage would
diminish if not become negative altogether. Nutrient cycling,
measured as net nutrients retained on the landscape, changed
very little over the time period measured (3% increase, Fig. 7),
while overall nutrient addition to the system increased dramati-
cally. This is consistent with the increased productivity of the
agriculture-dominated landscape, where crops and forage are
removed annually. The nutrient cycling metric did not seem to be
adequately resolved for the probable increase in nutrient loads to
local rivers and streams associated with agricultural land
transformation.
Field-level impacts showed that overall, the dairy facility oper-
ations resulted in reduced land use change impacts on ecosystem
service loss when compared with the overall watershed (Fig. 8).
Within the dairy facility, differences in ﬁeld ESSI were predomi-
nantly associated with the amount of forested area within each
ﬁeld unit. The beneﬁt of agricultural landscapes as ecosystem ser-
vice providers over urbanized landscapes becomes self-evident
when analyzed geospatially (Figs. 4e7). The urbanized ﬁelds
experienced the greatest change in water yield and the lowest
change in nutrient cycling, whereas the crop production ﬁelds
experienced the greatest change in carbon storage (Table 6). This
was expected because urbanized areas suggest more impervious
cover and therefore less opportunity for rainfall to inﬁltrate.rshed and ﬁeld scale in Little Osage Creek Watershed.
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modules simplify the processes modeled, and are unable to account
for seasonal variability of the services modeled (Vigerstol &
Aukema, 2011). For example, the carbon cycle is greatly simpliﬁed
(Tallis et al., 2011) and does not account for all the carbon ex-
changes which may be related to production agriculture (e.g., till-
age, planting, animal feeding, etc.). Themodel assumes that none of
the land use classes gain or lose carbon over time (Tallis et al., 2011).
It is quite possible that an analysis that considers the carbon
released during land conversion would produce different results
than the results reported in this project. Nonetheless, the model
allows for rapid documentation of ecosystem service change with
relatively little information.
4. Conclusions
Dairy production facility (farm) agricultural land use is complex,
with practices ranging from very low intensity range management
to very high intensity animal production. Developing a list of eco-
system services for agricultural lands requires an explicit analysis of
the production systems and the processes that are dominant in
producing feed, cows, and milk. Ecosystem services from agricul-
tural landscapes represent a tension between increases in one
category and decreases in another, with the land surface as the
critical unit of management. Ecosystem service losses have been
referred to as “ecosystem dis-services” by Zhang, Ricketts, Kremen,
Carney, and Swinton (2007), as they represent a real cost of human
activities on the landscape. Ecosystem stresses from agricultural
production include water use (surface and groundwater, as well as
rainfall), water pollution (sediment, nutrients, pesticides, and
bacteria), and biodiversity loss from land conversion (Gutman,
2007). The gains in ecosystem services by category such as car-
bon sequestration may offset the losses, but ecosystem services do
not have additive characteristics; they should be analyzed and
managed individually and as a portfolio.
This analysis of the pilot farm in a watershed context illustrates
the utility of indexing ecosystem services to management condi-
tions (historic, as in this case, or potential or design for other cases).
It is valuable to monitor the change in ecosystem service by land
area for each ecosystem service class so the impact of land use
change can be managed. Land managers could use this approach to
target practices that balance ecosystem service portfolios at the
ﬁeld and watershed level. Ecosystem services provided by agri-
cultural production landscapes could mitigate those lost by ur-
banization. Finally, ecosystem service models such as InVEST are
critical tools for standardizingmeasurements of complex landscape
processes.
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